Lung cancer is the most common malignancy in China and is associated with a poor survival rate amongst Han Chinese. The high mortality is largely attributed to late-stage diagnosis, when treatment is largely ineffective. Identification of genetic variants could potentially assist with earlier diagnosis and thus more effective treatment. The development and progression of lung cancer is stimulated by angiopoietin-2 (Ang2), a ligand for Tie2, an endothelial tyrosine kinase. Patients with lung cancer with higher serum Ang2 levels have significantly poorer survival than patients with lower serum Ang2 levels. We explored the effects of Ang2 single nucleotide polymorphisms (SNPs) on lung cancer susceptibility. We used lung cancer tissue and serum samples to measure Ang2 expression in a Chinese Han population. Five Ang2 SNPs (rs2442598, rs734701, rs1823375, 11137037, and rs12674822) were analyzed using TaqMan SNP genotyping in 695 patients with lung cancer and 900 cancer-free controls. Carriers of the variant GT allele of rs12674822 had a higher risk of lung cancer than wild-type (GG) carriers, while the presence of the CC genotype at rs11137037 was associated with higher clinical stage disease compared with having the AA genotype. Our study is the first to document a correlation between Ang2 polymorphisms and lung cancer development and progression in people of Chinese Han ethnicity.
Introduction
As a result of worldwide trends in aging populations, increasing air pollution, smoking rates, environmental carcinogens and a genetic predisposition, lung cancer has become the most common malignancy worldwide, affecting around 13% of all cancer cases globally [1] . In 2012, worldwide age-standardized mortality rates for males and females with lung cancer were 30.0/100,000 and 11.1/100,000, respectively, reflecting poor 5-year relative survival rates [2] . In 2014, a total of 782,000 new lung cancer cases and 626,000 new lung cancer deaths were documented in China [3] . The specific genetic risks underlying lung cancer development and progression are still unclear. Genetic variants and
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International Publisher epigenetic changes have been documented to influence the development and progression of non-small cell lung cancer [4] . Thus, specific information about genetic aberrations could potentially assist with risk prediction and earlier diagnosis of lung cancer in individual patients.
Angiopoietin-2 (Ang2) is a 75-kDa protein expressed in endothelium that is localized to human chromosomes 8p23.1 and first defined at sites of vascular remodeling [5] . Ang2 acts as an autocrine factor in supporting endothelial cell homeostasis and counteracts Ang1 to sensitize endothelium [6] . Genetic factors and single nucleotide polymorphisms (SNPs) genotyping are both pivotal to explore the risk and prognosis of tumorigenesis [7] [8] [9] . SNPs in the Ang2 intron are known to be associated with breast cancer, lung injury, or acute respiratory distress syndrome [10] [11] [12] . A recent study reported an association between the Ang2 variants, rs2442598, and the risk of psoriasis vulgaris [13] . These studies suggest that it is worth exploring a possible correlation between Ang2 gene polymorphisms and lung cancer diagnosis. Our case-control study therefore explored possible associations between five SNPs in the Ang2 gene and lung cancer.
Materials and Methods

Patients and blood samples
We collected blood specimens from 695 patients (cases) diagnosed with lung cancer at Dongyang People's Hospital between 2014 and 2018. Nine hundred healthy participants without any history of cancer served as controls. All participants provided written informed consent. The study was approved by the Ethics Committee of Dongyang People's Hospital Ethics Committee and Institutional Review Board (2016-YB003). Medical records were reviewed for the clinicopathological characteristics. A standardized questionnaire and electronic medical records were used to acquire detailed clinical data on age, sex, smoking history and alcohol consumption. The pathological stages of lung cancer in all patients were determined by their medical records and the Revised International System for Staging Lung Cancer. Whole blood samples (3 mL) were collected from all study participants and stored at −80°C for subsequent DNA extraction.
Selection of Ang-2 polymorphisms
Five Ang-2 SNPs (rs2442598, rs734701, rs1823375, 11137037, and rs12674822) were selected from the intron of Ang-2; all SNPs had minor allele frequencies of greater than 5%. Most Ang-2 SNPs were known to be associated with lung injury or breast cancer [11, 14] . The sequence of five Ang2 SNP probes were [16] . Genotyping PCR was carried out in a total volume of 10 μL containing 20-70 ng genomic DNA, 1 U Taqman Genotyping Master Mix (Applied Biosystems) and 0.25 μL probes. The protocol included an initial denaturation step at 95°C for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C for 1 min.
Cell culture
The human lung cancer cell line A549 was purchased from Jennio Biotech Co., Ltd. (Guangzhou, China). F12, fetal bovine serum (FBS) and all other cell culture reagents were purchased from Thermo Fisher Scientific (MA, USA). A549 cells were cultured in F12 supplemented with 10% FBS (Invitrogen, USA) and antibiotics (100 U/mL penicillin and 100 mg/mL streptomycin). Cultures were maintained in a humidified atmosphere of 5% CO2 at 37°C as previous description [17] . We changed the culture medium twice a week and passaged the cells when they reached 80% confluence.
Western blot analysis
We used 11 lung cancer tissues to lyse and resolve through sodium dodecyl sulfatepolyacrylamide gel electrophoresis [18] . The target protein was immunoblotted to Immobilon polyvinyl difluoride membranes (Millipore, Billerica, MA, USA). The blots were blocked with 4% non-fat milk for 1 h at room temperature and then probed with rabbit anti-human antibodies against β-actin, and with mouse anti-human antibodies against Ang2 (#ab155106, Abcam, CA, USA) for 1 h at room temperature. After 3 washes, the blots were incubated with goat anti-rabbit or goat anti-mouse peroxidase-conjugated secondary antibody for 1 h at room temperature. The blots with horseradish peroxidase-labeled substrate were analyzed using a Molecular Imager ChemiDocTM XRS+ chemiluminescence detection system (Bio-Rad, California, USA).
Enzyme-linked immunosorbent assay
527 serum from the lung cancer patients and healthy controls was measured using an Ang2 ELISA kit, according to the manufacturer's instructions [19] . The kit was purchased from R&D Systems.
Statistical analysis
Differences between the two groups were considered significant if p values were less than 0.05. Hardy-Weinberg equilibrium (HWE) was assessed using Chi-square goodness-of-fit tests for bi-allelic markers. Since the data was independent and normal distribution, Fisher's exact test was used to compare differences in demographic characteristics between healthy controls and patients with lung cancer. Odds ratios (ORs) combined with 95% confidence intervals (CIs) calculated associations between genotype frequencies and the risk of lung cancer. To further exclude the impact of confounding variables, adjusted odds ratios (AORs) with 95% CIs were estimated by multiple logistic regression models that controlled for age.
A Cox proportional hazard model was used to evaluate the effects of Ang2 genotyping results on the probability of recurrence or overall survival after adjusting for age in multivariate analysis relative to recurrence or survival time. When the follow-up period was included in survival or recurrence analysis, the patients were enrolled for overall survival analysis including the 5-year survival rate or probability of recurrence between primary surgery and death or recurrence or the end of the study (August, 2018) using the Kaplan-Meier model, as well as multivariate and univariate Cox regression models. All data were analyzed using Statistical Analytic System software (v. 9.1, 2005; SAS Institute, Cary, NC, USA).
Results
In the present study, we enrolled 695 patients with lung cancer and 900 cancer-free healthy participants; all were of Chinese Han ethnicity. Between-group differences in general demographic characteristics are listed in First, we genotyped the patients with lung cancer (cases) and healthy participants (controls), to evaluate whether the five Ang2 SNPs (rs2442598, rs734701, rs1823375, 11137037, and rs12674822) were associated with the risk of lung cancer. The results are illustrated in Table 2 . Alleles with the highest distribution frequency at Ang2 rs2442598, rs734701, rs1823375, 11137037, and rs12674822 in both cases and controls were heterozygous AT, heterozygous TC, homozygous CC, homozygous AA, and heterozygous GT, respectively (Table 2) . Individuals carrying the GT heterozygote at rs12674822 had a 1.281-fold (95% CI: 1.016-1.617, p<0.05) higher risk of lung cancer compared with individuals carrying the wild-type GG polymorphic allele. Individuals with polymorphisms at rs2442598, rs734701, rs1823375, and rs11137037 showed no significant associations with lung cancer risk relative to the risk in individuals with the wild-type genotype ( Table 2) . Odds ratios and their confidence intervals were estimated by logistic regression models. * p value <0.05 was considered statistically significant. OR, odds ratio; CI, confidence interval; Ang2, angiopoietin-2.
Next, Ang2 genotypes in patients with lung cancer were evaluated to clarify the role of Ang2 polymorphisms in TNM stage, primary tumor size, lymph node metastasis, and distant metastasis. For 475 patients with lung cancer, a significant correlation between rs11137037 variants (GG vs AG) and clinical stage (OR: 1.584, 95% CI: 1.021-2.456, p<0.05) was observed (Table 3) . However, no significant differences were observed between Ang2 rs12674822 genotypes and clinicopathological status (the data are not shown). Distribution frequencies for clinical status in the NSCLC and SCLC cohorts are shown in (Table 5 ). However, there were no significant differences observed between histology subgroups and polymorphisms of the Ang2 genotypes (the data are not shown). Odds ratios with their confidence intervals were estimated by logistic regression models. * p value <0.05 was considered statistically significant. OR, odds ratio; CI, confidence interval; Ang2, angiopoietin-2. Odds ratios with their confidence intervals were estimated by logistic regression models. * p value <0.05 as statistically significant. OR, odds ratio; CI, confidence interval; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.
We measured Ang2 protein expression in primary tissues and blood samples from our patients as well as lung cancer cell line, A549 (Fig. 1A and B) . We used the Kaplan-Meier survival curve to analyze correlations of Ang2 polymorphisms with overall survival and progression-free survival (supplementary Fig. S1 ). Cox proportional hazards analysis revealed that patients carrying AC+CC at rs11137037 had longer five-year overall survival (p=0.049; hazard ratio: 0.645, 95% CI: 0.417-0.998), while those carrying GT+TT at rs12674822 had longer progression-free survival (p=0.027; hazard ratio: 0.437, 95% CI: 0.213-0.896), compared with those carrying wild-type variants (the data are not shown). 
Discussion
It is recognized that several SNP genes affect an individual's susceptibility to lung cancer [20] [21] [22] . Correlations between Ang2 gene polymorphisms and lung cancer have rarely been documented and most of the evidence is associated with lung injury syndromes [11, 23] . It is essential that we know more about genetic polymorphisms, in order to help us to explore novel therapeutic strategies for lung cancer [24, 25] . To the best of our knowledge, our study provides the first clinical evidence on associations between Ang2 polymorphisms (rs2442598, rs734701, rs1823375, 11137037, and rs12674822) and lung cancer susceptibility, as well as on interactions between these polymorphisms and clinical characteristics in a Chinese Han population. In this study, we increased our overall numbers of participants by incorporating the patients and controls included in our previous study [25] . Our results show that Ang2 gene polymorphisms only slightly increased the susceptibility for lung cancer. This might be because most of our study participants were nonsmokers (i.e., controls and patients), and because the ratios of cigarette smokers/nonsmokers among the controls (11.1:88.9) and patients (35.8:64.2) were relatively normal, as were the proportions of those who consumed alcohol. Although our results demonstrated that smoking and alcohol consumption were significant risk factors for lung cancer (Table 1 ; both p<0.001), the significance of this association did not persist in Ang2 SNPs genotyping analyses that controlled for smoking and alcohol consumption (these data are not shown).
Ang2 involvement has been observed in lung cancer metastasis [26, 27] . Further investigations have revealed that Ang2 is not only pro-angiogenic but also pro-inflammatory factors in cancer development [28, 29] . We therefore sought to determine if our data could emulate this finding. We initially measured Ang2 expression in lung cancer tissue and serum samples, but the low number of lung cancer samples meant that we could not analyze the immunostaining results for Ang2. Moreover, although the 5-year survival rates among our patients were significantly associated with clinical status (these data are not shown), this significant association disappeared in an Ang2 SNP genotyping analysis (Fig. S1 ). Owing to this unusual protective survival correlation between Ang2 polymorphism rs11137037 and clinical stage, it might be associated with early clinical stage and well survive of these lung cancer patients. In a previous study, two Ang2 SNPs (rs1868554 and rs2442598) were significantly associated with acute lung injury [11] . However, our results are the first to demonstrate that Ang2 gene polymorphisms at rs12674822 but not at rs2442598 are significantly related to the risk of developing lung cancer. We also found that patients with the CC genotype at rs11137037 were 1.58 times more likely to develop stage II, III or IV disease. The correlation between Ang2 polymorphism and the lung cancer cells required to be further discussed in the future.
Although blockade of the programmed death-1 receptor ligand 1 pathway is a powerful therapeutic strategy for NSCLC [30] , this disease still has a dismal prognosis [31, 32] , so genetic information that can be useful for lung cancer prognosis or prediction is essential. Our results reveal a significant correlation between NSCLC and clinical status in 695 Chinese Han patients; in 527 patients with NSCLC, those with Ang2 polymorphisms carrying the GT genotype at rs12674822 were 1.56-fold more likely to develop stage II, III or IV disease. Others Ang2 polymorphisms were not associated with a certain type of lung cancer since the populations were too small to analyze. On the other hand, a reconstructed linkage disequilibrium plot of the five Ang2 SNPs failed to reveal any significant difference between the clinical stages of the disease (supplementary Fig. S2 ).
In summary, our results demonstrate an association between one Ang2 gene variant and risk of lung cancer, with a significant association between Ang2 SNP rs12674822 and stage II, III, or IV disease in a Chinese Han population. This study is the first to report any such correlation between Ang2 polymorphisms and risk of lung cancer. Our evidence indicates that Ang2 could be developed as a genetic prognostic marker for lung cancer prognosis.
Supplementary Material
Supplementary figures. http://www.jcancer.org/v10p2935s1.pdf
